The long-term effects of low-level lead intoxication are not known. The sympathetic skin response (SSR) was evaluated in a group of 60 former workers of a primary lead smelter, located in Santo Amaro, BA, Brazil. The individuals participating in the study were submitted to a clinical-epidemiological evaluation including questions related to potential risk factors for intoxication, complaints related to peripheral nervous system (PNS) involvement, neurological clinical examination, and also to electromyography and nerve conduction studies and SSR evaluation. The sample consisted of 57 men and 3 women aged 34 to 69 years (mean ± SD: 46.8 ± 6.9). The neurophysiologic evaluation showed the presence of lumbosacral radiculopathy in one of the individuals (1.7%), axonal sensorimotor polyneuropathy in 2 (3.3%), and carpal tunnel syndrome in 6 (10%). SSR was abnormal or absent in 12 cases, representing 20% of the sample. More than half of the subjects (53.3%) reported a history of acute abdominal pain requiring hospitalization during the period of work at the plant. A history of acute palsy of radial and peroneal nerves was reported by about 16.7 and 8.3% of the individuals, respectively. Mean SSR amplitude did not differ significantly between patients presenting or not the various characteristics in the current neurological situation, except for diaphoresis. The results suggest that chronic lead intoxication induces PNS damage, particularly affecting unmyelinated small fibers. Further systematic study is needed to more precisely define the role of lead in inducing PNS injury.
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Introduction
Lead intoxication, or saturnism, can be of environmental or occupational origin. Lead accumulates mainly in the bones and has more intense toxic effect on the nervous system, bone marrow and kidneys (1) . The most frequently reported symptoms of acute lead intoxication are gastrointestinal complaints and acute encephalopathy, with confusion, hyperactivity, irritability, and depression (2) . The involvement of the peripheral nervous system (PNS) in acute intoxications is described as a purely motor disorder, with a tendency towards the involvement of the radial nerve (2, 3) .
The long-term effects of low-level lead intoxication are not fully known. It was shown in the 70's that workers with asymptomatic lead intoxication present PNS dysfunctions (4, 5) . Sensory disturbances are not generally described as important findings, with the presence of minor sensory symptoms and normal neurologic results for all the sensory features (2). However, Murata et al. (6) have suggested that lead can also affect autonomous functions, particularly the sympathetic system, at a subclinical level. Two recent studies have described a frequency of 30 and 49%, respectively, of sensory symptoms in cases of chronic lead intoxication (3, 7) .
It has been suggested that, differently from acute intoxication cases in which motor abnormalities are observed, sensory and autonomic polyneuropathy are seen in longterm lead intoxication, probably reflecting a direct neurotoxic effect of lead (3) . These studies have shown slightly altered distal motor latencies and normal sensory nerve conduction. According to the authors, the relative normality observed was due to the fact that routine conduction studies evaluate the integrity of the fastest-conducting large myelinated fibers, and not of unmyelinated fibers, or C fibers. The functionality of thin unmyelinated nerve fibers can be evaluated by the sympathetic skin response (SSR), a simple and accurate electrophysiological test (7, 8) used to evaluate the reflex activity of sudomotor sympathetic pathways.
Although systematic information on the prevalence of lead intoxication in Brazil is not available, isolated studies and the reportedly high exposure indices suggest it to be high (9) . High plumbemia levels were observed among workers of a primary smelter which was in activity in Santo Amaro da Purificação, BA, Brazil, between 1960 and 1996, as well as in children living in the city (10) (11) (12) (13) . The objective of the present study was to evaluate the SSR in a group of former employees at a lead smelter plant.
Subjects, Material and Methods
A group of 60 former workers of a primary lead smelter located in Santo Amaro (BA, Brazil) was studied in September 2004. The smelter, a subsidiary of the multinational Peñarroya, was established in Santo Amaro in 1960. In 1987, control of the company was transferred to a national group, and the plant was closed in 1993. While the plant was in activity, there was information about the need for medical care for several employees, in the medical service unit, where chelant medication was available for the emergency treatment of cases of abdominal colic (13) . In 1974, Mendes (11) observed that 82% of the 57 employees, randomly selected, had serum lead levels higher than 70 µg/dL. The urine concentration of deltaaminolevulinic acid, a less sensitive indicator of lead intoxication, was above 20 mg/g creatinine in 35% of the workers. In 1992, the Regional Delegacy of Work of the State of Bahia (DRT, in the Portuguese acronym) reported that 20.9% of the 201 workers presented blood lead levels above the allowed Maximum Biological Indices (14) . The DRT technicians observed that 18 (81.8%) of the 23 workers of the synterization sector had plumbemia levels of 60 µg/dL. Several of these workers presented continuously highblood lead levels, with many recorded values above 100 µg/dL. The DRT study also showed that 50% of the 40 samples of lead concentration in the smelter ambient air, collected in December 1991, exceeded the limit of 100 µg/m 3 established by the occupational legislation, and the highest level observed was 162 µg/m 3 . An inspection performed by the Worker Health Center similarly reported high lead levels in the ambient air at several sites within the smelter, in samples collected through the second semester of 1991 (14) . The 100 µg/m 3 limit was exceeded in samples collected in the synterization, oven, oven load, mechanical operation, and cleaning sectors. The environmental waste left by the company included about 500,000 tons of residues, containing 2-3% lead, scattered around the area occupied by the company and around the city itself. Large waste mounds were placed directly on the ground under open skies, threatening the subterranean waters and contaminating the Subaé River which crosses the plant terrain and the urban zone. The city administration used large amounts of this waste to pave many of the streets and public places in Santo Amaro. A thick layer of residues could be found under the street stones, often surrounding the pipes of the domestic water supply system. The many environmental sanitation works performed in the city since 1998 contributed to increase the level of exposure of the population to the waste material, which was below the pavement, and to raise the blood concentration of the metal among the children living in the city (15) .
The present study was approved by the University Ethics Committee and the individuals admitted to the study gave written informed consent to participate. All subjects were submitted to a clinical-epidemiological evaluation including questions related to potential risk factors for intoxication, complaints related to PNS involvement, and to neurological clinical examination. After this initial evaluation, the individuals were submitted to electromyography and nerve conduction studies which measured sensory conduction of the median, radial, ulnar, superficial peroneal and sural nerves, motor conduction of the median, radial, ulnar, peroneal, and tibial nerves according to established methods (16) , and SSR of the upper and lower limbs.
SSR evaluation was performed under suitable environmental conditions, with surface electrodes placed on the palmar and plantar regions and reference electrodes placed on the distal phalanx of the third and second digits, respectively. A 10-s screen was used for the lower limbs and a 5-s screen was used for the upper limbs, with 200-1000 µV sensitivity and filter settings of 0.1 and 20 kHz. Electric stimuli were applied to the contralateral limb, with an intensity of 100 mA and a duration of 0.2 ms. Five recordings were performed for each limb, with a minimum interval of 30 s between stimuli. The widest amplitude response and its corresponding latency were used for each limb. The equipment used was Medelec-Synergy, London, UK.
Extremity temperatures were maintained above 32ºC. Electromyographic studies with needles or other neurophysiologic techniques were performed when necessary. Criteria of demyelinating or axonal damage to peripheral nerves established in the literature were employed to evaluate nerve conduction abnormalities (17) . SSR was considered to be abnormal when absent or when presenting an amplitude of less than 0.8 and 0.6 mV for the upper and lower limbs, respectively, according to the first percentile for the control population for the age range studied, which consisted of individuals from our laboratory.
Data were analyzed with the SPSS software, version 6. Frequencies, means and standard deviations were described. The chisquare or Fisher exact test, when any of the expected values were lower than 5, was used to evaluate the relationship of possible risk factors and clinical results with SSR abnormalities. The mean amplitudes of SSR for two groups, with and without a specific dichotomous variable, were compared by the non-parametric Mann-Whitney test.
Results
The sample consisted of 57 men and 3 women aged 34 to 69 years (mean ± SD: 46.8 ± 6.9), 83.3% of them mulattos and 15.5% blacks. None of them had collegelevel education, 57.1% had not concluded elementary education and 7% were illiterate. They all were residents of Santo Amaro and had worked in the lead smelter plant. The neurophysiologic evaluation showed the presence of lumbosacral radiculopathy in 1 of the individuals (1.7%), axonal sensorimotor polyneuropathy in 2 (3.3%), and carpal tunnel syndrome (CTS) in 6 (10%). SSR was abnormal or absent in 12 cases, representing 20% of the sample. SSR was abnormal in only 1 of the 6 CTS cases, being abnormal also in the lower limbs, and was also abnormal in the 2 cases of polyneuropathy. Table 1 presents the frequency of potential risk factors for a more severe lead intoxication. Most of the individuals lived in places with unpaved backyards along streets paved with smelter residues. More than half (53.3%) reported a history of acute abdominal pain, which required hospital admission, when they were working at the plant. A history of acute palsy of radial and peroneal nerves was reported by about 16.7 and 8.3% of the individuals, respectively. None of the parameters investigated presented a statistically significant relationship with SSR abnormalities.
The main complaint reported, related to the current clinical situation, was paresthesia (73.3%), followed by weakness (65.0%) and generalized or limb pain (51.7%) ( Table  2 ). About 45% of the individuals complained of diaphoresis and 45.6% of the men reported erectile dysfunction. Clinical examination showed some objective sensory alteration in 48.3% of the individuals, mild limb muscle subjective feeling of fatigue in 11.7%, and hyporeflex in 18.3%. None of the clinical variables showed strong association with SSR abnormalities. The mean SSR amplitude was not significantly different when patients presenting or not the various characteristics observed in the current neurological situation were compared, except for diaphoresis. In patients reporting this symptom, mean SSR amplitude in the lower limbs was 1.81 ± 1.35 mV, different from that of individuals not presenting this characteristic who had a mean SSR amplitude of 2.63 ± 1.56 (P = 0.048).
Discussion
The present data showed a moderate frequency of abnormal SSR in former workers chronically exposed to lead. Although we had no access to a control group from the same region and undoubtedly not exposed, we believe that the abnormalities observed are compatible with some involvement of the reflex sympathetic sudomotor pathways. The control group analyzed consisted of agematched normal individuals from our Neurophysiology Laboratory in the Hospital de Clínicas de Porto Alegre, who were used to determine the normal values for amplitude for the first percentile. Using this parameter, none of the individuals in the control group presented abnormal SSR, whereas 20% of the study group had the abnormality. Except for two patients, who presented neurophysiologic signs of axonal polyneuropathy, sensory and motor nerve conduction was normal in the study sample, showing that the SSR afferent pathway, which includes large fibers, was not affected. Therefore, although the possibility of a central involvement of the autonomous nerve system cannot be excluded, we believe that SSR abnormalities are more probably due to the involvement of peripheral nerve unmyelinated fibers.
We observed a high frequency of sensory complaints, such as paresthesias and limb pain as also reported by Rubens et al. (3) . This fact also supports the possibility of involvement of PNS unmyelinated fibers in this population. However, the much higher frequency of complaints in our sample maybe partly related to working interests among the individuals studied. In addition, no association between SSR abnormalities and the vari- ables related to the clinical situation was observed. Among individuals complaining of pain, paresthesia and diaphoresis and with sensory alterations, the frequency of abnormal SSR was higher, but not statistically significant. Perhaps these associations could be established with a larger sample. No relationship was observed between possible risk factors for a higher lead exposure and increased frequencies of SSR abnormality. It is not possible to conclude, therefore, about any association between higher exposure and higher PNS involvement. It is not known, moreover, if these variables present associations which allow the detection of higher lead intoxication frequencies in this population. On the other hand, among the potential risk factors investigated, there are indications that in the past the individuals composing our sample were exposed to acute lead intoxication, since a high frequency of acute abdominal pain and palsy of motor nerves such as the radial and peroneal nerves were reported. These findings are compatible with situations of acute lead intoxication, as reported in the specialized literature (2) . Among the defined neurophysiologic abnormalities, in the current series two patients presented axonal sensorimotor polyneuropathy and six patients presented CTS. The patients with polyneuropathy were not diabetic and the etiology of that complication was not defined, although moderate alcohol ingestion on weekends was reported. It was not possible to establish a relationship of this complication with chronic lead intoxication. Large fiber axonal injury was not observed in other studies describing PNS abnormalities related to lead (3). It was not possible to associate CTS with chronic lead intoxication, since CTS is a universally prevalent disease. The prevalence observed in the present study (10%), however, was slightly higher that that generally reported for males (18) .
On the basis of the present results and literature data, we believe that chronic lead intoxication induces PNS damage particularly affecting unmyelinated small fibers. Our results do not represent formal proof, but the evidence is suggestive. A systematic study with quantitative histopathologic evaluation to identify lesions in peripheral nerve small fibers in patients chronically exposed to lead, as compared to non-exposed control individuals, is necessary to more precisely define the role of lead in inducing PNS injury.
